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SUPERSONIC FLOW CALCULATIONS FOR A CONE WITH AN ELLIPTIC FLARE

by

Harry Lehrhaupt

A three-dimensional supersonic flowlprogram, developed by the Grumman
Corporation, has been used to calculate the flow field about a cone at zero
angle of attack with an elliptical flare. A schematic diagram of the body
is shown in Fig. (l1). Calculations are carried out to two cone lengths, with
the cone length taken to be unity, Free stream conditions of Mw = 8

p_ = ,00308308, and pm = 1 atmosphere were utilized in the calculations,
K

Cross flow results in terms of the ratio W/v where v is the total velocity
are shown in Figs, (2) to (5) for the meridian planes § = 20, 40, 60 and 80

degrees, respectively. The pressure coefficient distributions

2
¢y = (p/p, - L)/ y/2
on the body are shown in Figs. (6), (7) and (8) for the meridional planes
g = 30, 60 and 90, As a comparison in Figs., (6) to (8) Cp results for an
@guivalent axlsymmetric body utilizing Lomax's program2 have also been in-

cluded, An equivalent axisymmetric body is defined as that axisymmetric body

% Thié Wérk was subported by the National Aeronautics and Space
Administration under NASA Grant NGR 33-016-131 , )

1) Three-Dimensional Near Characteristics program written by Dick Scheuing
an employee of Grumman for his doctoral thesis,

2) The program referred to here is the one described in the following report,
Mamori Inouge, John V, Rakich and Howard Lomax, "A Description of Numerical
Methods and Computer Programs for Axisymmetric Supersonic Flow Over Blunt-
Nosed and Flared Bodies," NASA TN-2970, August 1965,



which is tangent to the given body along a meridinal plane. The Cp distribu-

tions for the equivalent bodies are seen to be in good agreement with the
three-dimensional calculations. Such an agreement is to be expected at such

high Mach numbers.

In Figs. (9) and (10) the shock shape as computed by the 3-D calculations
is compared with the axisymmetric calculations of the Lomax program for
equivalent bodies at § = 60 and § = 90. The agreement between the shock shapes

is even better than the agreement in the Cp distribution,

A user's manual for the three-dimensional program is included as an
appendix to this memorandum. If should be noted here that the program, in
its present versiom, is ircotatinnal, As such the results obtained remain
streictly valid in the cegion ahead of the first reflected characteristics
from the points on the shock where the shock is no loager axisymmctcsic. For
slowly varying geometries galculations could be extended outside of the above
region, in particular under expansion. Special care must be taken, howevec,

in adverse pressure situations where embedded shocks could be formed.
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USER'S MANUAL

Three Dimensional Near Characteristics

The program has been broken down into the following subdivisions:

GRUM

Subroutine FIRST

Subroutines FIT1
FIT2
FIT3

Subroutine CHAR

FUNCTIONS VAL4, VAL

Function HARDIF

Subroutine NOMDIM

Subroutines GRPH
: PLTS

main program,

reads inputs and initializes data.

Spline fitting routines FIT1 is the most
general,

Calculates speed of sound squared and slopes
of characteristics,

written inorder to enable Scope to handle
four dimensional arrays,

3rd order, finite difference polynomial,
nondimensionalizes free stream velocities,
pressures and densities, y = /¥Pe/g_

p="P/ps o= Plp_.

plotting routines W/v and CP are plotted

as functions of X for pts. on the body.



INPUTS

Inputs are broken down into three broad classifications RED, WHITE, BLUE.

A)  RED
B)  WHITE
C) BLUE

body configuration geometry.
initial conditions,
control parameters, step size tolerances,

printout and plotting options,

Coordinates used throughout are (X, r, 8).

Fig. A



RED INPUTS

CARD 1 215, 17A4

MIB - number of (r,f) planes required to define
the body.

MKB - number of radii in defining body in each (x, 6)
plane,

MIB

CONFIG - description of body being used (example:

ELLIPTICAL CONE A/B 1.394)

CARD 2 (8F10.5) [ﬁIB/8] + 1 cards
[ ] indicates greatest integer example:

[7/3__? =2, [3/5] = 0)

XB(IB) IB=1, MIB - stations where shape of body is defired.
W
CARD 3 (8F10.0) [ —g{]i _’ + 1 cards
TB(KB) KB=1, MKB - 2ngles for radii in (r, §) plane 0° < § < 90°

or 0° < § < 180°,



CARD &4 (8F10, 0) MIB*([%] + 1> cards

RB(IB,KB) KB=1, MKB; IB=1, MIB - vadii at each r-f plane
CARD 5 (8F10.0) 2*([@(532_] + 1> cards

RBP(IB,KB) KB=1, MKB} IB=1 and IB=MIB - slope % at first and last r- plane



WHITE INPUT

CARD 6 (315, 16A4)
MID - number of points hetween body and shock
(r) at initial profile.
MKD -  number of meridional points (§) data
is specified at,
IVAXIS - velocities are cylindrical (1) or spherical
(2).
START - alphanumeric label containing 64 characters,
CARD 7 (6F12,0) (free stream flow conditions)
EMINF - free stream Mach number,
PINF - free stream pressure,
RHOINF - free stream density,
GAM - vy = ratlo of specific heats .22 .
\Y
ALPHA - angle of attack,
X1 - atation at which we -define initial veloelty
distribution,
CARD 8 (6F10,0) E%‘jnk 1 ecarda
TD(KD) = 8 value of sheek pt. (nete at least tweo
values are requlred; i.e,, MKD 2 1),
REI(KD) = ¥ pesitien of the sheck point,
RSXI (XD) - slepe of sheek ¢

e



CARD 9

UI(JD, KD)

VI(JD, KD)
WI(JD, KD)

- PHI(JD, KD)

(4E15,0)

MKD*MJID cards

- x component of the
initial profile.

- r component of the

- § component of the

- helps locate where

velocity at pts. along

velocity.
velocity.

velocities are given

between shock and the body O Spur 1

where PHI = 0O on the body and PHI = 1

at shock



BLUE INPUTS

CARD 10 (1015)

MI - number of steps we wish to march down-
stream from the initial profile (Note:
program terminates either when MI is
exceeded or when x > XEND),

MJ - number of pts. between body and shock
(max is21 | 11 is coarse grid) (Note:
MID = M),

MK - number of meridional (8) planes (MK>MKD).

MAXM ' - =3 number of times we average élopes
of characteristics.

MAXN - =15 maximum number of iterations that
can be performed to find shock.

MODF - (1) one used (affects iteration of shock pt.)
(2)

1PT ' - indicates r-§ plane at which we want total
pressure calculated,

(1) initial plane.
(2) at each subsequent station,

KPT - meridional plane at which total pressure
drop at shock is computed

IPUNCH - (0) no punch or plot,

(1) punch cards at last station and plots
Cpand W/v versus X.
NOPT - Print out occurs at every NOPT stations,



CARD 11 (6F10. 0)

TOLEP - .00001 tolerence for shock.

CUNST - 0.8 Glon Neuman stability constant_.]
CTST - 0.9 e stability factor

CNX - 1.0

CNNX - 0.9

XEND - position where calculations are stopped.

1C



THREE DIMENSIONAL NEAR CHARACTERISTIC PROGRAM

Explanation of the Printed Output

Complete Body Radius Matrix

1B - Body cross-plane index number
XB - Axial location of a body cross-plane
K - Meridional plane index number (0°-180° or
0° - 90°)
RB - Body radial coordinate (rb)
RPB - First derivative of Ty with respect to x
(ry = i 2
I% 3
RPPB - Second derivative (ré' = 32 )
RPPPB - Third derivative (rg" = 63 b )
x3
Upstream Flow Conditions
K - Meridional plane index number
Theta - Meridional plane coordinate (§, in degrees)
uu - Axial component of the velocity upstream
of the shock
VU - Radial component of the velocity upstream
of the shock.
WU - Transverse componént of the velocity

upstream of the shock

11



New Data Surface Variables-Final Iteration

I

X2

TH
R2

RX2

RT2

DR2

DRT2
RS2

RSX2

RST2

RP

U2

w2

LAMBDA1

LAMBDA2

New data surface index number .

Axial coordinate of the new data surface.

Number of iterations used in the calculation

(M=1 first order, M=2, 3, 4 second order)-
Meridional plane index number.

Meridional plane coordinate (@, in degrees)
Body radial coordinate (rb}

Body slope in the X direction ( 3% )

Body'slope in the § direction ( ] ) b

Radial distance between successive grid
points between the body and the shock (ér){
Partial derivative of 6, with respect to 8 -
Shbck radial coordinate (rs}

Shock slope in the X direction (%E)
x’ s

Shock slope in the § direction (%é
s

Grid point index number in the radial
direction (J=1 on body).

Local radial coordinate.

Local axial velocity component.

Local radial velocity component.

Local transverse velocity component,
Local slope of the first characteristic.

Local slope vwi the second characteristic

12



New Data Surface Variables-Final Iteration (continued)

MACH NO -~ Local Mach number
CP - Local pressure coefficient *
P/p -1
[o0]
2
YoM
2
* Based on a constant total pressure drop across the shock for all points.

13



Y1

CONE WITH ELLIPSOIDAL FLARE

Fig. 1




(X 1072)

w7V

.oo»«-\,\

N

N

CROSS FLOW AT THETA=20.00q

I

=05

AN

=10

\

~15

™

-20

=25

=30
1.0O

Fig. 2

1.20

140

15

1.60

1.80

2.00



02

CROSS FLOW AT THETA=40.000

=05

':l2'

(X10-2)

~19

~26

w7V

Fig. 3

1.20

140 160 1.80

16

2.00



04

l l I
" CROSS FLOW AT THETA =60.000
\x
~ | |
AN
. 05 x
b N,
>
v-|4 \"
=32
>
S e
X
=41 S
\X
-50
1.00 1.20 1.40 1.60 1.80 2.00

Fig. 4

17



-20

W/v

-.25

-30

CROSS

FLOW AT THETA =80.000

1.00 1.20 1.40 160 1.80

Fig. 5

18

2.00



(x10-)

CP

58 . T T T T
PRESSURE COEFFICIENT THETA s30.000

.55
5q e ommomm X X

.82 >
7

49 2
46
% 3-D CALCULATION
o © A-S CALCULATION
43 /n ‘
40
1.00 1.20 1.40 .60 1.80 2.00

Fig. 6

19



I 1 ] |
PRESSURE COEFFICIENT THETA =60000
o)
10 NP v
MM
Q9 57
X
.08 .
CP /
07 /
O
06 /
X X 3-D CALCULATION
/ © A-S CALCULATION
O05—70
' X
/
04
1.00 .20 140 1.60 1.80 2.00

Fig. 7



18 | I | 1

PRESSURE COEFFICIENT THETA=90.000
15 ©
' D e
°/
12 /
V4
cp o&/
0% ' /
?3(
X
X//
06é
Pz
X/x
X 3-D CALCULATION
03 O A-S CALCULATION
0.00
1.0O .20 .40 .60 1.80 2.00

Fig. 8

21



.34

.30

.26

22

18

14

10

I ¥ T o
3-D A-S SHOCK CALCULATIONS

THETA = 60.000 K
/”
— D 4 d- -
//
g
4 K
X -_/_,-— _
E/e< /O/U / |
s i
y 5 |
/ |
% 3-D CALCULATION ,
O A-S CALCULATION | |
A BODY RADIUS
110 130 150 1.70 190 i
X

Fig. 9

O



.38

] I T
3-D A-S SHOCK CALCULATIONS 4
THETA = 90.000

341 / 3
30 ></ /

N
<
A

26 . /
/-
_X
Jo
X
22 -——>€/
0
18
A4 X 3-D CALCULATION

O A-S CALCULATION
A BODY RADIUS

10
110 1.30 150 170 .90 2.10

Fig, 10

23



APPENDIX A

Listing of input data used to generate output for this report
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789

13 10 CIRCULAR CONE FLARE A/R=]

N0 l.0 le1 1.2 1.3 les4

165 1a7 1.8 1.9 2.0

N0 1Cc.0 200 0.0 4060 5040

80.0 90.0

0.C 0.C 0.0 040 0.0 0.0

NDe0 0.0

D0.13165 0.13165 0013165 0s13165 0413165 0e13165

NDe13165 0.13165

Ne14482 0414485 014493 06414506 0614522 0.14539

0614577 014580

0.125798 0.1581¢ 0.15843 0.15894 0,15957 0.16025

D.16178 0.16191

N.17115 0617140 0.17211 0.17323 0.17463 0el7617

0417969 017998

0.18431 0.18473 0.18596 0.18789 0.19034 0.19305

0619947 0e2

0419748 0+19810 0¢19992 0.20284 0.20659 0.21081

0.22112 ° 042220

0.21064 021150 0621401 0.21803 022329 0.22934

Ne2446] 0624595

N0.21723 021820 022107 0.22568 0423175 0.23878

D.25682 025842

N0.22381 0422490 0.22812 0.23332 0624020 0.24822

N.269N2 0.27088

023697 0.23831 0624224 Ce24861 0e25711 0.26711

Ne29342 029582

0.25014 0425171 025635 026391 0.27402 028599

0.31784 032075

Na26330 0.26511 0627046 027920 0429093 0.30487

Ne34225 0.34568

0.13165 0.13165 0.13165 0413165 0,13165 0.13165

Ne13165 0.13165 .

N0.13165 0.13403 0e14112 0415292 0.16911 0.18883

N0¢24410 024933
21 2 1 7.5 DEGREE CONE FLARE-MACH 8-ALPHA O

8.0 2116.22 n.00308308 1.4 0«0

0.0 0.189336 Ne189336 90.C 0+189336
766265452484 1003,0345164 0.0000600 0,0000000
766542918489 982.2874374 0.0000000 « 0495957
76679937256 96243296744 0.0000000 «0992289

766946591866 943,0656566 0.0 0.1485004
7673429559001 924.4107210 0.0000000 +«1986111
767549110028 906.2887550 0.0000000 e2483619
767845117211 888.6302815 0.0000000 +2981535
7681.1046278 87143708484 0.0000000 «3479867
768346966936 854 44496187 0.,0000000 +3978626
768642944918 837.80n80570 0.0000000 «4477818
768869069613 82143886714 0.0000000 «4977452
7691.5406049 805.1336870 0.0000000 «5477537
769442047223 788,9835792 0+0000000 «5978081
769609092701 772.8753366 0.,0000000 «6479093
76996656742 7567402754 0.0000000 «5980581
77024874993 740.5011376 0.0000000 27482554
7705.3912149 724,0680219 0.0000000 « 7985021
BPOE 3974240 70743324669 0.0000000 + 8487991
77115327652 69041581140 0.0000000 «8991471

25

1.5
6040
040
0.13165
0.14555
0.16090
0.17764
0.19571
021502
0423549
0424600
0425650
027752
0429853
0.31954
0.13165
0.21013

1.0
0.18933¢6

l.6
70.0

0.0

0.1316¢%

0414568
0.16143
0.17887-
0.19796
0.21865%
0.24088

0.25238
0.26387
0.28685
0.30984
0.33282
0.13165

0.22986



771448330479
771843487679
766245452484
7665.2918489
166749937256

76696591866

767342959001
76759110928
7678.5117211
7681.1046278
768346966936
768642949918
768849069613
76915406049
7694.20473223
7696.9092701
7699.6656742
77024874993
770543912149
770843974240
771145327652
771448330479
7718434875679
150 21 10
0.00001

0.8

672.3656533
653.7061513
1003.,0245164
IB2.2RT42T74
06243296744

942,0656566

924.4107210
906.2887550
888.,6302815
87143708484
854,4496187
837.8080570
821.3886714
805.1336870
788.9835793
772.8753266
756,74602754
740.5011276
724.0680319
7073326669
69041581140
672.3656533
653.,7061513
3 15 1
0.9

0.0

2
1.0

26

0.0000000 09495471
0.0000000 1.0000000
0.0000000 0.0000000
0.0000000 «0495957
0.,0000000 «0992289
0.1489004
0.0000000 «1986111
0.,0000000 «2483619
0.0000000 «2981535
0.0000000 «3479867
00000000 «3978626
00000000 «4477818
0.0000000 4977452
00000000 «5477537
0.0000000 «5978081
0.0000000 « 6479093
0.0000000 «6980581
0.0000000 +7482554
0.0000000" .7985021
0+0000000 «8487991
0.0000000 «8991471
0.0000000 29495471
0.0000000 1.0000000
1 1 10
0.9 1.36



APPENDIX B

Program listing
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Y825007sP1+713009CM137000¢LEHRHAUPT (GRUM-PLOT)

RUNI(S)
LGO(LC=77000)
789

BLOCK DATA

COMMON/TITLE/TITL1(3)9TITL2(3)’LABLE(4)/PLTS/XORI’YORI’SX95Y’J
1Ly ITPNSVALUE »H

DATA TITL1sTITL2sXORTIsYORI $SXsSYsJeLsITPN/30H X

1 s 30H 9065906591540+ 9
29348/ +LABLE,VALUE/30H CROSS FLOW THETA = 9051256/
3 0,27 :
END

28



)]

PRECEDING PAGESBLANK NOT FILMED
DS=DT
CALL FIT3 (MKsl)
DO 2314 K=1,4,MK
2314 RT2(KY=FP(K)

FIRST ORDER SOLUTION (M=1)
M=1

DO 3214 K=1yMK

" DRST=CVNST*DR1(K)

SHOCK POINT (M=1) {3000)
N=1
IN1=1
IN2=1
RSTR=RST1({K)/RS1(K)
RSX(2)=RSX1(K)
RC=RS1(K)-DR1(K)
EXAY1=RC4+DX#EL1(MJIM1+Ks1)
EKAYZLI./(DRI(K)+DX*(EL1(MJ’K91)—ELI(MJMI}K’I),)
1001 RD=RS1(K)+e5%#(RSX1(K)I+RSX(2))*DX ’
ExAY=(RP-FKAY1)*EKAYZ2
RA(1)Y=RC+EFAY*DR1(K)
00 3002 NN=1s6
3002 FA(l9NN)=VAL(F1919MJM19K919NN)+EKAY*(VAL(F1019MJ9K’19NN)”VAL(F1y19
IMUM1 9K e 19NN)) .
CALL CHAR(FA(lol)oFA(le)’FA(193)90.0A’ELA(191)’ELA(1-2))
GA(1)=(2.*FA(103)*(FA(1’1)*FA(194)+FA(1’2)*FA(195))‘(A-FA(193)**2)
’FA(lsé)*FA(1!2)*(A+FA(193)**2))/(RA(I)*(A—FA(IQI)**Z)) '
GGA(1)=FA(l91)+ELA(192)*FA(1’2)+GA(1)*DX
HlAz(FA(194)+ELA(lol)*(FA(l’S)-FA(lsB)))/RA(I)
WAA=FA{1+3)+W1A%¥DX
W2 IMJsK)=WWA
20032 TNRS=1e/SQRT(14+RSX(2)#¥2+RSTR*#*2)
GO TO (3004,300553004),sIN1
3004 VMU=ENRS*(RSX(2)*UU(K)—VU(K)+RSTR*WU(K))
VNU2=VYNU¥*2
EPS=G2+G3/VNUZ2
300% V2 (MJsK)=VU(K)+(1.-EPS)I*ENRS*VNU
UZ(MJ9K)=GGA(1)~ELA(lsZ)*VZ(MJ9K)
VD2=U2(MJ’K)**2+V2(MJvK)**2+W2(MJ9K)**2
VMD=SQRT(VD2+VNU2-VINF2)
EPC=VND/VNU
DEPEP(2)=(EPC-EPS)/EPS
IF (TOLEP-ABS(DEPEP(2))) 3006301153011
3006 GO TO {3007+3008)s1N2 '
3007 IN1=2
IN2=2 _
EPS=5%(EPS+EPQ)
VNU2=G3/(EPS-G2)
VNU=SQRT(VNU2)
RSX(1)=RSX(2)
RSX(2)=(UU(K)*(VU(K)—WU(K)*RSTR)+VNU*SQRT((VINFZ’VNUZ)*(1.+RSTR**2
1)—(VU(K)*RSTR+WU(K))**2))/(UU(K)**2~VNU2)
GO TO 3009
1008 IN1=3
TFMPOR=RSX(2)
RSX(Z):RSX(Z)—(RSX(l)-RSX(Z))*DEPEP(Z)/(DEPEP(I)’DEPEP(Z))
RSX{(1)=TEMPOR

31



3009

3010
1C11

3101

3205
3206

3207
3208

3209

DEPEP(1)=DEPEP(2)

N=N+1

IF (N-MAXN) 3010+9001,9001

GO TO (3001,3003),MODE

RE2(IK)=RS1(K)+,5%#(RSX1(K)+RSX(2))#DX

RSX2(K)=RSX(2)

CALL CHARI(U2(MJsK) 3V2IMJI3K) sW2(MJI3K) s0asAsEL2(MIsKs1) sEL2(MIIK,2))
ELIBIMIsK)=o5*(ELA(T191)4FEL2(MI9Ks1))

EL2B(MIK)=EL2{MIsK2)

OR2(K)={RS2(K)=R2({K))/MIM]

BODY POINT (M=1) (3100)

RP=R2({K)

RC=R1(K)

EKAY=(RP-RC-DX#*EL1(19K92))/(DRI(K)I+DX# (ELI(2+sK92)=FL1(1sKs2)))
RA(2)=RC+EKAY*DR1 (k)

DO 2101 NN=1+6
FA(Z9NN)=VAL(F191919K919NN)*EKAY*(VAL(F1y1029K$1!NN)‘VAL(Flol’loKQ
11aNNY)

CALL CHARI(FA(251)sFA(252)9FA(293)5040AsELA(2y1)9ELA(2+2))
GAlTZ2)=(2#FA(293 )% (FA(291)¥FA(2+s4)+FAI292)2FA(2+5))=(A=-FA(2,3)%%2)
1*FA(296)=FA(292) % (A+FA(293)%%2) ) /(RA(2)%(A=FA(2s1)%%2))
GOAL2)=FA(241)+ELA(29s1)%*FA(242)4+GA(2)%DX
W2B={FA(2+4)+ELA(2,2)%#(FA(255)=-FA(293)))/RAL2)

WWB=FA{2,3)+W2B*¥DX
VZ(19K)=(GGA(Z)*RX?(K)+WWB*RT2(K)/RZ(K))/(1.+RX2(K)*ELA(291))
U2(1+K)=GGA(2)-FELA(2+1)%#V2(1sK)

W2 ({1+sK)=WWS

CALL CHAR(U2(1sK)sV2(1 oK) sW2(19K)s00sAsEL2(1sKs1)sEL2(19Ks2))
ELIB(14K)=EL2(13Ks1)

EL2BUisK)=eS#{ELA(292)4EL2(13Ks2))

FIELD POINTS (M=1) (3200)

DO 3213 J=2 ,MJIM1

RP=RP+DR2(K)

L=0

JJd=0-1

L=t+1

RC=RI(K)+(JJ-1)*¥DR1(K)

I[F (RP-RC-DX*¥EL1(JJsKsL)1132034+3204+3205

JJ=JJ-1

GO TO 3202

EKAY=0.0

GO TO 3208

IF (RCH+DRI(K)+DX*EL1(JJ+19KsL)=RP) 320693206+3207
JI=JJ+1

GO TO 3202
EKAY=(RP‘RC‘DX*EL1(JJOKOL))/(DRl(K)+DX*(EL1‘JJ+19K9L)-EL1(JJ’K’L))

1)

RA(L)=RC+EKAY*DR1(K)
DO 3209 NN=1+6
FA(L9NN)=VAL(F1’1'JJ9K;19NN)+EKAY*(VAL(Flvl'JJ+1,K’1,NN)*VAL(F1,1.

1JJeK s 15NN

CALL CHAR(FA(L 1) sFA(LS2)sFA(LS3)90esAsELAILSL)JELA(L,2))
GALL)=(2e#FA(Ls3)#(FA(LL)I*FA(Ls4)+FA(LI2)*FA(L35))~(A~FA(L,3)%#%#2)

I¥FA(L 96 )~FA(L22)*(A+FA(L3)%%#2) ) /(RA(L)*(A-FA(Ls1)%%2))

GGA(LI=FA(Ls1)+ELA(Ls3-L)#FA(L2)+GA(L)*DX
GO TO (3201,3210) L
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NN

3210 1IF (DRST-RA(2)+RA(1)) 3211,3212+3212

3211 CNX=CNX®*CNNX
GO TO 2305

3212 WIA=(FA(Ls4)+ELA(L1)#(FA(1s5)-FA(153)))/RA(1)
WWA=FA(192)+W1A®DX
V2{JsK)1=(GGA(2)~-GGA(1))/(ELA(2+s1)~ELA(12))
U2(JsK)=GGAI1)-ELA(192)%*V2{JsK)
W2 (JsK)=WWA '
CALL CHAR{U2(JsK)sV2{JsK)sW2(J9K)s0esAsEL2(JsKs1)9EL2(J9Ks2))
SLIBIJsK)I=o5#(FLA(Y191)4EL2{JsKs1))

3213 EL2B(JsK)=oS%(ELA(292)+EL2(J9Ks2))

3214 CONTINUE
DO 5209 M=2,MAXM

COMPLETE NEW DATA SURFACE MATRIX (4000)
DS=DT
DO 4001 K=1,MK
4001 F(K)=DR2(K)
CALL FIT3(MK,s1)
DO 4002 K=14MK
DRT2(K)=FP(K)
4002 RST2(K)=RT2(K)+MIM1#DRT2(K)
DO 4104 K=1sMK
DS=DR2(K)
DO 4103 NN=1,5
DO 4101 J=1sMJ
4101 FUJ)Y=VAL({F2+29J35Ks1sNN)
CALL FIT1(MJ93493+904904)
DO 4102 JU=1,MJ
4102 CALL VALG4(F2929J9Ke3sNN»FP(J))
4103 CONTINUE
4104 CONTINUE
DO 4206 J=1sMJ
DS=DT
DO 4205 NN=1,»5
KEND=1
IF (3-NN) 4202,4201+4202
4201 KEND=2
4202 DO 4203 K=1,MK
4203 FIK)I=VAL(F2+s29J5Ks1sNN)
CALL FIT3(MKsKEND)
DO 4204 K=1,MK
4204 CALL VALG(F2925J9K929NNsFPIK)=VAL(F2929JsKs3sNN)RH(RT2(K)+(J-1)#*
1IDRT2(X)¥))
4205 CONTINUE
4236 CONTINUE
MO=M-1

SECOND ORDER SOLUTION (M=2335400)
DO 5208 K=1,MK
DRST=CVNST#DR1(K)

SHOCK POINT (M=2,34,.0) (5000)
N=1

IN1=1

IN2=1

RPO=RS2(K)

RSTR=RST2(K)/RS2(K)
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KX (2)=KOSXZ2(K)
A=AQ~-G1# (U2 (MJIsK)#X¥24V2 (MUK ) %#24W2 (MU WK )#%2)
GP=(2.¥W2(MJsK)* (U2 (MJIsK)*UT2(MI»K)I+V2 (MIsK)¥VT2(MJIsK))
1-CA-W2(MJsK)¥¥2 ) #WT2 (M 9K I=V2 (MIyK)* (A+W2(MJ,K)%*%2) )/ (RPO*
20A=U2{MJK) #%2))
W1P=(UT2 (MJsK)+EL2(MJIsK s 1) #(VT2(MJsKI-W2{MJsK)))/RPO
5001 RP=RS1{K)+.5*(RSX1(K)+RSX(2))#DX
RA(1)=RP=-VAL(F2+2sMJsKs1,y4)*DX
CAPA(Y) ==VAL(F232sMJsK 9294 )%#DX/RA(])
DR=RA(1)-RS1(K)+DR1(K)
DO 5002 NN=1,46
5002 FACYIsNN)=VAL(F191sMUMI 3Kyl sNN)+DR#* (VAL(F1s1 9sMIM]I K32 sNN)+,5%DR*
TOVAL(F1919MUML 4Ky 33NNI4DR* VALIF191 sMIML4Ky&sNN)/3,0))
CALL CHARIFA(191)sFA(142)9FA(193)9sCAPA(YL)2ASIELAILZ1)ELALYs2))
DO 5003 NN=4,5
FAR=VALIF191sMIMI 4< 32 ,NN=3)+DR¥ (VAL (F1 91 sMIMI sKy3,NN=-2) +
10e5*DR¥VAL(Fly19yMIMI 4K 34 4NMN=3))
5003 FA(L1sSNN)=FA(IsNN)=VAL(F2424sMJsK3s2,4;#DX*FAR
CALL)=(24#FA(L92)*¥FA( 11 )¥FA( 104 )+(2¥FA(192)%FA(193)+(A-FA(1,2)
1#*2)HCAPACL) I¥FA(T365) = (A-FA( 193 ) #*2 1 *¥FAI1.6)~(FA(1,2)¥FA(1+3)+
20A=FA(]193)%%2 ) #CAPA( L) I*¥FA(1,2)=A#FA(192))/(RAILIIH(A-FALTI 1) %%)))
GBAR(1)=45%#(GA(1)+CP)
ELBAR(Y)=uB5#(ELA(1+,2)+EL2{MI»K»2))
GGA(1)=FA(1+1)+ELBARIL1)¥FA(1,2)+RBAR(1)%*DX
WIA=(FA(1s4)+ELALL,1)#(FALTIs8)=FA{153)))/RLI1)
WIBAR=.5#(W1A+W1P)
WWA=FA(133)+.5%#CAPA(T)¥FA(T 2 )+WIRAR®DYX
5004 ENRS=14/SQRT(1,+PSX{2)**¥24RETR¥**2 )
CO TO (5005+500655005),1IN1
5005 VNU=ENRS#*(RSX(2)*UU(K)=VUIK)I+RSTR*WUI(K))
VNU2=VNU#*#2
EPS=G2+G3/VNU2
5006 V2(MJsK)=VUIK)+(1,~-EPS)*FENRS*VNU
U2(MJsK)=GGA(1)-ELRAR(1)1%#V2(MJ,K)
W2 (MJ oK) =WWA- o S*¥CAPA( 1) *V2(MJ 4K )
VD2=U2(MJaK)#¥2+V2 (MIyK ) ##D4WD (MU 4K ) 3% 2
VND=SQRT(VD2+VNU2-VIMNF2)
EPC=VND/VNU
DEPEP(2)=(EPC-EPS) /EPS
IF (TOLEP-ABS(DEPEP(2))) 5007,5012+5012
5007 GO TO (50085009} 1IN2
5008 IN1=2
IN2=2
EPS=e5% (EPS+EPC)
VNU2=G3/(EPS-G2)
VNU=SQRT (VNU2)
RSX(1)=RSX(2)
RSX(2)=(UUIK)*#{VUIK)-WUIK)}*RSTR)+VNU*SQRT((VINF2-VNU2 )% (1, +RSTR**2
1) (VU(K)*RSTR+WU(K) ) #%#2) )/ (UU(K)*%2~VNU2)
GO TO 5010
5009 IN1=3
TEMPOR=RSX(2)
RSX(2)=RSX(2)~(RSX(1)-RSX(2))*DEPEP(2) /(DEPEP(1)-DFPEP(2))
RSX(1)=TEMPOR
5010 DEPEP(1)=DEPEP(2)
N=N+1 '
IF {N~MAXN) 5011,9n01,9001
5011 GO TO (5001,+5004) yMODE
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n

5012

5101

5102

5201

5202

5203

RSZ2(KI=RSI(K)I+45% (RSX1(K)+RSX(2))*DX . '
RSX2(K)=RSX(2) '
CALL CHARIU2(MJ1K) 3 V2 (MIsK) sW2(MJI3K) 306 sA9EL2(MIsKs1)9EL2(MIIK,2))
ELIB(MUsK)=o5%¥ (ELA(L191)4FL2(MJsKy1))

EL2B(MJUsK)=FEL2(MJIsK+2)

DRO=DR2 (K)

DR2(K}¥=(RS2(K)=R2(K))/MIM]

BODY POINT (M=24233404) {5100)

RPO=R2(K)

A=AC-GI*(U2(1sK)*¥#24V2 (14K #%#24W2 (1K) H%2)
GP=(2e#W2(1sK)¥(U2(1sKI¥UT2(19K)I+V2(19K)I#¥VT2(1sK))=(A-W2(1sK)%%2) %
IWT2 (1K) =V2{1sK)#{A+W2(14K)*#2) )/ (PPO® (A=U2 (1K) %%2))
W2P=(UT2(1sKI+EL2(1sKs2)%(VT2(1sK)=-W2(19K)))/RPO

RP=R2(K)

RA(2)=RP=VAL(F292s1+Ks195)%#DX
CAPA(2)==VAL(F292519Ks255)*DX/RA(2)

DR=RA(2)-R1(K)

DO 5101 NN=146
FA(2sNN)=HARDIF(VAL(F191s19Ks1sNN)sVALI{FIs1s1sKs2sNN)>
IVAL(F191919Ke34NN)VAL(F19191sKs&sNN)yDR)

CALL CHAR (FA(251)3FA(292)sFA(2+2)sCAPAI2) yAsELAI21)sFLA(242))
DO 5102 NN=446
FAR=VAL(F191913Ks24NN=3)=DR*(VAL(F1s1s19Ks35NN=3)+0,5%DR*
IVAL(FlslslsKsboMNN-3)) '
FAL2sNN)=FA{2sNN)=VALIF242+13K92+5)%DX*FAR

GAl2)=(2e#FA(2s3 )1 #FAL2s1)#FA(294)+(2e#FA(242)%FA(293)+({A=FA(2,3)
1##2 ) CAPA(2) ) ¥FA( 248 )~(A-FA(253 )% 2)%FA(246)~(FA(232)%FA(2+3)+
20A=FA(2+3)#%2)%CAPA(2))#FA(293)~A%FA(292))/(RA(2)*(A=FA(2,1)%%2))
GBAR(2)=,5% (GA{2)+GP)

ELBAR(2) =, 5% (FLA(241)14EL2(1sKs1}))
GGA(2)=FA(2+]1)+ELBAR(2)#FA(24+2)+GBAR(2)*DX
W2B=(FA(2+4)+ELA(2:2)%¥(FA(248)~FA(2+32)))/RA(2)

W2BAR=¢5# (W2B+W2P)

WWB=FA(2+3)+,5%¥CAPA(2)#FA(24+2)+W2BAR*DX
V2{1sK)={GGA(2)#RX2(K)+WWBH#RT2(K) /R2(K))/(1s+ELBAR(2)*RX2(K)+,5%
1CAPA(2Y#RT2(K)/R2(K))

U2(1sK)=GGA(2)~ELBAR(2)%#V2(1,K)

W2(1sK)=WWB~oB5%#CAPA(2)#V2(]yK)

CALL CHAR(U2({14sK)sV2(11sK)sW2(19K) 90esAsEL2{1sKs1)sEL2(1+Ks2))
ELIB(1sK)I=EL2(1+Ky1)

EL2B(1sK)=eB#(ELA(292)4EL2(19Ks2))

FIELD POINTS (M=23354e,) (5200)

DO 5207 J=2,MIM1

IF (DRST-(EL2B(JsK)~-ELIB(J5K))I¥DX) 5201+5202,+5202
CNX=CNX*CNNX

GO TO 2305

RPO=RPO+DRO

A=AO=GI*¥ (U2 (JrsKI#FD+VILJ oK) #RD4+WI [ J9K) ¥%2)
GP=(2¢*W2(JsK)*(U2(JsKIFUT2(JsKI+V2IJsKIRVT2(JsK))=(A=W2 (JsK)¥%2 )%
IWT2(JsK)=V2(JsK)# {A+W2(JsK)%#%2) ) /(RPO* (A=U2 (JsK)*¥%2) )
WIP={UT2(JsKI+EL2(JsKs1 ) ¥ (VT2(JsK)-W2(JsK)))/RPO
RP=RP+DR2(K)

L=0

L=L+1

RA(L)=RP-VAL(F292+JsKs1sL+3)%DX
CAPA(L)=-VALIF2+29JeKs2+sL+2)%DX/RA(L)
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JI=1+INT(RA(L)I-RI(K))/DRI(K)Y)
DR=RA(L)-RI(K)=(JJ-1)*DR1(K)
DO 5204 NN=1,+6

5204 FA(LINN)=HARDIF(VAL(F191sJJsKs1oNN)sVALIF1s1lsJJsKe2sNN)
IVAL(F1eloJJsKs3sNNJsVALIFle2+JJreKs4sNN)YSDR) .
CALL CHARI(FA(Ls1)sFA(Ls2)sFA(LS3)sCAPAIL)SAYELAILIT1)>ELA(LSY2))
DO 5205 NN=44+6
FAR=HARDIF{(VAL(F1419sKs2sNN=3),VALIF1s1sJJsKs3sNN-3),
IVAL(Fls1l0JJsKs4aNN-3)493CsCHrDR)

5205 FA(LSNNI=FA{LSNN)-VAL(F2529sJ9Ks2,L4+2)%DX¥FAR
GA(L)=(2e*FA(L3)%#FA(L LI *FA(Ls4)+{2%FA(Lsy2)*¥FA(Ls3}+({A-FA(L,3)
1#%2 ) ¥CAPA(L) )#FA(L 4S)=(A-FA(L 3 )#%2)#FA(Ly6)~(FA(Ls2)#FA(L»3)+
2(A-FA(L 3 )##2)%¥CAPA(L) ) *FA(L+s3)-A¥FA(L2))/(RA(LIX(A—FA(L 1)%*%2))
GBAR(L)=,5*% (GA(L)+GP)
FLBAR(L Y=o 5% (ELA(L,2-L)+EL2(JsKs3-L))
GGA(L)=FA(Ls1)+ELBARIL)*FA(Ls2)+GRAR(L ) *DX
GO TO (520245206} sL

5206 WI1A=(FA(1s4)+ELA(L1,1)%¥(FA(1s5)=-FA(1+3)))/RA(1)
WIBAR=5%(W1A+W1P)
WHWA=FA(1+3)+.5%¥CAPA(1)%#FA(1+2)+WIBAR¥*DX
V2{JeK)={GGA(2)-CGA(1))/(ELBAR{2)-ELRARI(1))
U2(JsK)=GGA{1}-FLRAR(1)I#V2({JsK)
W2 JeK)=WWA—S#CAPA[1)%#V2(JsK)
CALL CHAR{U2(JsK) aV2{JsK) sW2(J9K) 906 sAIEL2(JsKs1)+sEL2(JsKy2))
ELIB{JsK ) =oS®*{ELA{TIs1)4EL2(J9Ks1))

5207 EL2B(JyK)=eSH(ELA(2+2)4+EL2(JsK+2))

5208 CONTINUE

5209 CONTINUE

C

C DELTA THETA STABILITY AND PRESSURE COEFFICIENT (6000)
MO=M-1
GO TO (6001+56002+60n04)1IPT

6001 I1PT=3

VNU2=(RSX1I(KPT)®UU(KPT)-VU{KPT)I+RSTI(KPT)*WU(KPT)/RS1{KPT)) %2/

1(1o+RSX1I(KPT)I*#2+(RST1I(KPT)/RS1(KPT))*#%2)

GO TO 6003
6002 VNU2=(RSX2(KPT)#UU(KPT)=VUIKPT)+RST2(KPT)*WU(KPT)}/RS2{KPT))##*2/

1{1.+RSX2(KPT)®##2+(RST2(KPT)/RS2(KPT) ) ##%2)
6003 PTRAT=(GS#VNU2-G2)/((G2+G3/VNU2)1#(G5*#VNU2-G2) } ¥¥G4
6004 NPRT=1

IF(TJLGNEIJL/NOPT*NOPT INPRT=2

IJL=1JL+1

GO TO(6044607) yNPRT
604 WRITE (IWs20019) 1,X24sMO

20019 FORMAT (1H1s30X+s53HMNEW DATA SURFACE VARIABLES - FINAL ITERATIO

IN (I=15s6H 9 X2=FG9,5s5H ¢+ M=15s1H)/)

607 DO 6007 K=1,MK
GO TO (608+609)sNPRT

608 WRITE (IWs20020) KeT(K)sR2(K)sRX2{K)»RT2(K)»DR2(K)4sDRT2(K)sRS2(K),
1RSX2(K) +RST2(K)

20020 FORMAT (///3H K=1444H THxFG 44 44H R2a2F104s695H RX2=FB8.63s5H RT2=F9.6,
15H DR2=F8.636H DRT2=F9.£+5H RS2=F10,696H R5X2=FB8.696H RST2=F9.6//
214X s 1HJ 96X 92HRP 912X 9 2HUZ2 912X s 2HV2 312X » 2HW2 5 10X s THLAMBDA1 s 7X,
3THLAMBDA2y7X 9 7THMACH NOs9Xs2HCP /)

609 RP=R2({K)-DR2(K)
DO 6006 J=1s:MJd
RP=RP+DR2(K)
VP2=U2(JsRK)%%24V2 [ JoK ) #%¥24W2(JyK)%%2
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6005
6006

20021
6007

610

611

5001
20022

9002
20023

C
9003
5004

30001

9005
30002

650

9999

A=AQ0-Gl#VP2

EM2=VP2/A

EM{JsK)=SQRT(EM2)

BETA=SQRT{EM2-1,.) -
TANALF=AES(H2(J’K))/SQRT(UZLJas)**2+V2(J’K)**Z)
ELAMB=(BETA#TANALF+1.)/({BETA-TANALF)"
TEST=DX/DT—CTST*(RP*UZ(JoK)‘DX§V2(J’K))/(ELAMB*SQRT(UZ(J9K)**2+
IV2(JeK) %32

IF (TEST) 6005,6005+9002

CPUJsK)=(PTRAT#A##G4~CCP1 ) %CCP2

GO TO(600636007)sNPRT

WRITE (1W,20021) JeRP U2 (JsK)sV2{JIs K)o W2(JsK) yEL2(JsKs1)
1EL2(JsKs2)sEMIJI9K) yCP({JsK)

FORMAT (10X s15,8F14,7)

CONTINUE

GO TO(610s€11) 4NPRT

ICD=1CD+1 ,

CALL PLTS(X2,ICDsU2sV2sH2+CP»RS24MK)

IF{ICD.GTL100)ICD=0

CONT INUE

GO TO (210159003),1END

WRITE (1wWe20022)

FORMAT (10Xs42HSHOCK POINT CALCULATION NOT CONVERGING)
GO TO 9999 :

WRITE (IW.20023) KsJsDXsRPsVP29AEM(JeK)sBETASTANALF »ELAMBYTEST
FORMAT (////710X»38HSECOND ORDER SOLUTION UNSTABLE KxI5s5X,
12HJU=15////9F13,8)

GO TO 9999

PUNCH OUT RESULTS

GO TO (9004,9999), [PUNCH

WRITE (7530001) (T(K)sRS2(K)sRSX2(K) sK=1oMK)

FORMAT (6F12.7)

DO 9005 K=1,MK :

WRITE (7,30002) (U2(JsK) 9 V2(JsK) s W2(JsK) 9P (J) yJ=1,MJ)
FORMAT (4F18,7)

WRITE(6+650)X2

FORMAT(*0 PUNCHED OUTPUT IS FOR X2 =%,E1546)

CALL PLTSIX251015U25V2sW2+sCPsRS2,MK)

CALL GRPH{44R24R2,22)

CALL EXIT

END
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10001

10002

11
10003

10004

10005

10006

21

SUBROUTINE FIRST

DIMENSTION CONFIG{17)sSTART(16)oTB(20)sKSP(20)sDTH(20),TD(20)
IPHTI (21920) s TPHI(21920)sFT(21+20)5U1121520)sV1(21520)sW1(21+20)
COMMON /FIR/XB(20)sRB(20+,20),RBP(20,20)sRBPP(20520)»yRBPPP(20+20))
1UUC20)sVUT20) o WU(20)9R1(20)sRX1(20)9sRT1(20)sDR1(20)sDRT1(20),
ZRS1(20)sRSX1(20)9RST1(20)9F1(10080) 2ELY1(21920,2)9T(20)9P(21)
3TOLEP sCVYNST 9 CTST s CNX s CNNX s XENDsDT oDTDsX1sVINF2+G29G39G49G59sCCP1 s
GCCP2yMT sMI I MK o MAXM s MAXN o MODE s IPT KPT yMIBM1 y MUM1

COMMON /F2/S{50)/F12/FPPP(50)/F13/DS/F123/F(50),FP(50),FPP(50)
1/C1/Gl1sA0/HESH/NOPT s IPUNCH -
EQUIVALENCE(F1(1)sUL(1))s(F1(1681)sV1I(1))o{F1(3361)sW1(1))>
I(PHI(1)sTPHI(1))

IR=S

IW=6

READ (TR510001) MIBsMKBICONFIG+¢XBI{IB)>IB=1sMIB)
WRITE(IW»10001) MIBsMKBsCONFIGs(XBI(IB)»IB=1,MIB)

FORMAT (21541T7A4/({8F104.5)) _ -

READ (IR-10002) (TR(KB)sXB=14MKB)

WRITE(IW.10002) (TR(KB)sKB=]1,MKB)

FORMAT (8F10.5) :

DO 11 IB=1,MIB

READ (ITR»10003) (RBIIBsKB)sKB=]1MKB)

FORMAT (8F10.0)

READ (IR»10004) (RBP(1:XKB)ys+XBnlsMKB)

FORMAT (8F10.,0)

READ (IR»10005) (RRP{MIBKB)sKB=]1sMLB)

FORMAT (8F10,0) )

READ (IR»10006) MUDSMKD» IVAXISsSTART sEMINF P INF ,RHOINF,
IGAMMASALPHASX1 s {TD(KD)oRS1(KD)sRSX1IKD} »KD=1sMKD)
WRITE(IWs10006) MJD#MKD’XVAXIS95TART¢EMINF@pINFQRHOINF,

1GAMMA S ALPHA o X1, {TD(KD)»RSI(KD)SsRSNI(KD) sKD=1 MKD)

FORMAT (315:516A4/6F12e6/(6F12.56))

DO 21 KD=14MKD

READ (IR»10007) (U1(JDsKD)sVI(JDsXD) sW1I(JIDsKD)>
1PHI(JDsKD) s JD21MUID)

WRITE(IW-10007) (Ul(JDoKD)’Vl(JD’KD)9W1(JDvKD)9

1IPHTI (JUD KDY JDm1,MID)

10007 FORMAT {4F15,7)

CALL NOMDIM(UL+V1sW1lsGAMMASEMINF,,PINFsRHOINF sMJUD sMKD )

READ (IRs10008) MI sMJyii{ yMAXM¢MAXNsMODE s IPT »KPT » IPUNCH,NOPT,
1TOLEPsCVYNST+CTST s CNX s CNNX s XEND

WRITE(IW-10008) M1 ,MJ,MK, MAXM!MAXN’MODE.IPT’KPTOIPUNCH’NOPTQ
1TOLEP s CYNSTsCTSTsCNXsCNNX s XEND

10008 FORMAT{1015/6F10.5)

20001

WRITE {(IWs20001) CONFIGsSTART

FORMAT (1H1+39Xs50HTHREE DIMENSIONAL NEAR CHARACTERISTICS PROG
1RAM///32Xs13HCONFIGURATION, 11X917A4//32X924HSTARTING VELOCITY DA

2TA916A4//7)

CONSTANT FACTORS (900)
MIBM1=MIB~1

MKBM]1=MKB-1

MJDM1=MJD~1

MKDM1=MXD-1

MIMl=MI-1

MIMl=MJ~1

MKM]1 =MK -1

DP=1e/MJUM1
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RED

RED

RED
RED
RED

WHITE
WHITE
WHITE
WHITE

WHITE
WHITE
WHITE

BLUE
BLUE
BLUE
BLUE



P(1)=0.0
DO 201 JU=2.M)

901 P{UY=P(J-1)+DP
DTOR=3,141592, L3¢
DTD=TD(MKD) /MKI4L
DT=nTD#DTOR
T(1:,=0.0
DO J012 K=2.MK

902 T(K)=T(K-1)+DTD
EMINF2=EMINF3#%2
AINF=GAMMA#P INS /R~ [ iF
AAINF=SQRT(AINFI
VINF2=EMINF2*AINF
VINF=SQRT(VINF2)

Gl=o 5% (GAMMA-1,)

G2= (GAMMA"I o) /(GAMMA"."] )
G3=2 . #AINF/ (GAMMA+],)
G4=GAMMA/ (GAMMA~1.4)

G5=2 . ¥*GAMMA/ ( ATNF*{GAMMA+1,))
VLIM2=VINF2+ATINF/G]
VLIM=SQRT(VLIM2)
AQ=GlaVLIM2

CCP1=AINF*#G4

CCP2=2./ (GAMMAREMINF2#CCPL)
IPUNCH=2-~1PUNCH

COMPLETE BODY RADIUS MATRIX (1000)
IF (MKB-MK) 1001,1551,1001
1001 DO 1002 XB=1,MKB
1002 S(KB)Y=TB(KB)
DO 1005 K=1,Mrml
DO 1003 KB=1,MKBM1
KSP (K1 =KB
IF (S(KB41)-T(K}) 10032,1003,1004
1003 CONTINUE
1004 KS=KEP(K)
1005 DTH((K)=T(K)-S5ix$S)
KSP (MK) =MKSB
DTH(MK) =040
DO 1008 1B=1,MI8
DO 1006 KB=1,MK8
1006 F(KB)=RB(IB.KE)
CALL FIT2 (MKB,141,04:04)
DO 1007 K=1sMK
KS=KSP({K)
1007 RBUIBsK)=F(KS1+DTH(KI#(FP(KS)+5#DTH(K)#(FPP(KS)+DTHI(K)*#FPPP(KS) /
13.))
1008 CONTINUE
DO 1009 KB=1,MKB
1009 F(KB)=RBP(1,KB)
CALL FITZ (MKEOI’IOOO’O.)
DO 1010 K=1.MK
KS=KSP(K)
1010 RBP{1sK)=F(KSI+DTH(K)I#!FP(KS)+5#DTHI{K)*(FPP(KS)+DTHIK)RFPPP(KS)/
13.))
DO 1011 KB=14+MKB
1011 F(XB)=RBP(MIRBsKB)
CALL FIT2 (MKBslsl,s04ss04)
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DO 1012 K=1,MK
KS=KSP({K} R

1012 RBP(MIB,K)~F(KS)+DTH(K)*(FP(KS)+ SUDTHIK)I®* (FPP(KS)+DTH(K)*#FPPP(KS)
1734 1)

1051 DO 1052 1B=14MIB

1052 S(1B)=xB(18B)
DO 1055 K=1,MK
DO 1053 IB=1,MIB

1053 F(IB)=RB{IByK)
CALL FIT2 (MIBsl, I,RBP(I,K).RBP!MYBoK))
DO 1054 IB=1,MIB
RBP(IBsK)=FP(IB)
RBPP(IByK)=FPP(IB) SRR

1054 RBPPP(IB,K)=FPPP({IR) S

1055 CONTINUE S e
WRITE (IW,20002)

20002 FORMAT (////40X930HCOMPLETE soov RADIUS MATRIX/)
DO 1056 I1B=1,MIB

1056 WRITE (IWs20003) IR,XB(IB),(KQRB(189K)oRBP(IBoK)aRBPP(IBsK)s
1R3BPPP(IBsK) sK=1sMK) PR S

20003 FORMAT (///10Xs3HIR= IS;lOXo3H78=FlO 5/7//714X s 1HK»15Xs2HRB 19X »
12HRBP, 19X,4HRBPP’17X95HRBPPP//(10R¢1594F22 61))

.»,.:. Cy

C

C UPSTREAM FLOW CONDITIONS (1200)
VFACT1=VINF*COS(ALPHA#DTOR) ¥
VFACT2=VINF#SIN(ALPHA®DTOR) . -
DO 1201 K=1,MK
UUIK)=VFACT] L
VUIK)==VFACT2#COS(T(K)*DTOR) .

1201 WU(K)Y=VFACT2#SINIT(K)#DTOR)

WRITE (IWs20004) ENINF:PINF9RHOINF’GAMMAyAAINF9VLIM,ALPHA’
LKs TUK) sUUK) s VUK ) sWU(K) sK=19MK) - : S

20004 FORMAT (1H1s40Xs26HUPSTREAM FLOW. CONDITIONS////12Xs28HFREE STRE
1AM MACH NUMBER =F10.5//16Xs24HFREE STREAM PRESSURE =F10,5//17X
2923HFREE STREAM DENSITY =F10,8//19Xs21HFREE STREAM GAMMA =
3F1045//8X932HFREE STREAM SPEEQ. OF SOUND =F1044//20Xs20HLIMITIN
4G VELOCITY =F10.4//21Xs19HANGLE .OF ATTACK =F10,5///77/
519XalHKo12Xa5HTHETA920X,ZHUU9203g2HVUs20XyZHWU//(15Xo1594F22 6))

C

C FIRST INITIAL DATA SURFACE lZOOO)
DO 2002 IB=1yMIBM1 . o
I S = I B . o'

IF (XB(IB+1)=X1) 2002+2002,2003
2002 CONTINUE e
2003 DEX=X1-XB(1S) S e
DO 2004 -K=1,MK
Rl(K)-RB(IS,K)+DEX*(RBP(IS-K)+.5*DEX*(RBPP(IS,K)+DEX*RBPPP(IS Ky /
13.))
RXl(KJ-RBP(IS»K)+DEX*(RBPP(IS.K)+.5*DEX*RBPPP(IS.K))
2004 F{K)=R1(K)
DS=DT
CALL FIT3 (MKs1)
DO 2005 K=1,MK
2005 RT1(K)=FP(K) i
IF (1-IVAXIS) 2011,2020+2011
2011 DO 2013 KD=1,MKD
DO 2012 JD=1,sMJD
SPHI=SIN(PHI(JDsKD)*DTOR)

Lo’



2047 KEND=2
2048 CALL FIT2 (M
DO 2049 K=1,t
KS=KSP(K)
2049 CALL VAL4(F1.
IDTH(K)))
2050 CONTINUE
2051 CONTINUE
DO 2052 KD=1.
2052 F(KD)=RS1(KD.
CALL FIT2 (Mk
DO 2053 K=1,h
KS=KSP(K)
2053 RS1(K)=F(KS)H
1))
DO 2054 KD=1
2054 F(KD)=RSX1(K(
CALL FIT2 (Mk
DO 2055 K=1h
KS=KSP(K)
2055 RSX1(K)=F(KS)
1))
2061 DO 2062 K=1,h
DR1(K)={(RS1 (k
2062 F(K)=DR1(K)
CALL FIT3 (Mk
DO 2064 K=1,h
DRT1(K)=FP(K)
RST1(K)=RT1 (K
DO 2063 JJ=1,
CALL CHAR(U1
2063 CONTINUE
2064 CONTINUE
RETURK
END

CPHI=COS(PHI(JDsXD)%DTOR)

TPHI(JDsKD)=SPHI/COHI

TEMPOR=U1(JUD»XD)*SPHI+V1(JD KD ) *CPH

UI{JDsKDI=U1(JDsKD)*#CPHI-V1(JD,KD)*.
2012 V1(JDsKD)=TEMPOR

WRITE(IW+10007) (U1(JDsKD)sV1(JIDsKD

1PHI(JDsKD)»JD=1sMUD)
2013 CONTINUE
2020 1F (MJUD-MJ) 2021,2040,2021
2021 DO 2032 KD=1sMKD

PO 2022 JD=1sMJD
2022 S(JUDI=TPHI(JL+KD)

DO 2025 NN=1,3

DO 2023 JUD=1,MJD
2023 FUUD)=VAL{F1s1sJDysXDs1sNN)

CALL FIT2 (MJUDs393,0e304)

DO 2024 JD=1+MJUD

CALL VAL&GIF191+sJDsXDs2sNNsFPIUID))

CALL VAL4(F13143JDs%Ds3sNNSEPP(JID))
2024 CALL VALGIF1915JDsXDs&sNNsFPPP{ID))
2025 CONTINUE

DTPHI=(SI{MIDI=S{1))/MIM]

TP=S({1)~-DTPHI

DO 2029 JJ=1,MJ

TP=TP+DTPH?

DO 2026 J4D=1sMJUDM]

JS=4D

IF (S(UD+1)=TP) 202692025+2027
2026 CONTINUE

JS=MJD
2027 DTP=TP~S{JS)

DO 2028 NN=1,3
2028 FT(JJ’NN)=HARDIF(VAL(F1919J59K0919NK

IVAL(F1915JSsKDs3sNN) sVAL(F1s14sJSsKDos
2029 CONTINUE

DO 2031 JJ=1+MJ

DO 2030 NN=1,3
2030 CALL VALL(F 1919 JJsKDs1sNNsFT(JJsNN))
2031 CONTINUE
2032 CONTINUE
2040 IF (MKD-MK) 2041+2061+2041
2041 DO 2042 XD=1ysMKD
2042 S(KD)=TDI(XKD)

DO 2045 K=1,MKM]

DO 2043 KXD=1,MKDM1

KSP(K)=KD

IF (S(KD+1)~T(K)) 204342042+2044
2043 CONTINUE
2044 KS=KSP(K)
2045 DTHIK)I=T({K)=S{KS)

KSP (MK ) =MKD

DTH(MK)=0,0

DO 2051 JJu=1,.MJ

DO 2050 NN=1,3

DO 2046 KD=1,MKD
2046 FIKD)=VAL(F1s143JJyXDs1sNN)

KEND=1

IF (3-NN) 2047,2047+2048
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FUNCTION HARDIF(A+BsC»D»DR)
HARDIF=A+DR¥ (B4+0+ 5#DR# (C+OR*¥D/3.0) )
RETURN

END

PRECEDING PAGESBLANK NOT FILMED
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FUNCTION VALIVARSISsTsJsKsl)
DIMENSION VAR(1)sNN{3,2)
DATA NN/21+420+1680921+420+1260/
LOC=I+(J—1)*NN(1,IS)+(K‘1)*NN(ZoIS)+(L-1)*NN(3’IS)
IF{LOC.GT+10080~(1S-1)*3780)WRITE(651001)

1001 FORMAT(# ++++d+dttbttbddirttttt bt tFLAGHHHH++ 444 ++ e+ HEEE
VAL =VAR({LOCQ)
RETURN
END

PRECEDING PAGE BLANK NOT FILMED
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